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Abstract12

Background: Intraoperative cell salvage (IOCS) is widely used in cesarean section,13

and this study applied use of multi-center big data of IOCS in cesarean section to14

establish a bleeding risk assessment scale for IOCS patients. The purpose of this15

retrospective study was to explore the safety, health economy, and application16

guidelines of IOCS in obstetrics.17

Methods: We included 2621 patients who received IOCS technology during cesarean18

section in 12 hospitals between January 2012 - January 2020. The patients were19

divided into two groups, Group A, intraoperative blood loss <1500 ml; Group B,20

intraoperative blood loss ≥1500 ml. The clinical and imaging data associated with the21
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risk of bleeding in patients taking IOCS were collected, and multivariable logistic22

regression analysis was conducted to develop a scoring system.23

Results: All patients who received IOCS in our study had no serious adverse24

outcomes.25

For the 2621 patients who take IOCS technology, while 407 cases not perform the26

blood transfusion, resulting in a waste rate of 15.5% for the resource. Multivariate27

logistic regression analysis was performed by selecting significant indicators from the28

univariate analysis and high-risk factors related to bleeding. The variables were29

maternal age ≥35 years, number of cesarean sections, placental attachment position,30

and placenta previa, each scored 1 point; placenta accreta, blood pool in the placenta,31

abnormal retroplacental myometrium, placenta protruding to the anterior uterine wall32

and continuous disruption of the myometrium, each scored 2 points; and cervical33

canal invasion, scored 4 points. All were risk factors for intraoperative blood loss34

volume ≥1500 ml in IOCS patients. A bleeding risk scoring system was constructed35

according to the above indicators. The area under the curve of the receiver operating36

characteristic curve (AUC) of the scoring system was 0.837, and a total score of 537

points was identified as the optimal cut-off value, allowing good differentiation of38

intraoperative massive bleeding in IOCS patients (AUC, 0.837; 95% confidence39

interval, 0.820–0.854), along with a sensitivity of 81.2% and specificity of 75.3%.40

Conclusion: IOCS technology is a safe and effective measure to solve the problem of41

clinical blood source shortages in obstetric cesarean section. Moreover, the bleeding42

risk scoring system could better guide the clinical application of IOCS technology.43
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Therefore, strictly mastering the clinical application guidelines of IOCS can save44

medical resources and reduce the economic burden on patients.45

46

Keywords: intra-operative cell salvage; risk factor; scoring system; hemorrhage;47

cesarean section48

49

Background50

Intraoperative cell salvage (IOCS) is a technology that uses a blood-retrieving device51

to recover the patient’s own hemorrhage during the operation, and the blood obtained52

after anticoagulation, washing, filtration, and concentration is returned to the patient53

[1]. In 1818, James Blundell et al. first used IOCS technology for pregnant women,54

however, the amniotic fluid may be present in the recovered blood, which could55

contaminate the blood and induce complications such as amniotic fluid embolism, fat56

embolism, and allogeneic immune response, thus limiting the application of IOCS in57

obstetrics [2-4]. However, with the implementation of the third-child policy, the58

number of high-risk pregnant women, with placenta previa, placenta accreta, and59

pregnancy-induced hypertension is increasing, and the incidence of obstetric60

hemorrhage is rising, leading to an increasing demand for allogeneic blood and61

straining the supplies of blood [5]. In addition, in our setting domestic obstetric blood62

transfusion mainly relies on non-remunerated blood donations, of which fresh or stock63

allogeneic blood is the main blood source, but adverse blood transfusion reactions of64

allergy, immunosuppression, and transmission of infectious diseases may be caused65



4

by allogeneic blood transfusion [6]. In recent years, the application of leukocyte filters66

can remove the amniotic fluid and squamous epithelial cell components from the67

recovered blood [7], and some studies have shown that the fetus’s own red blood cells68

are very likely to enter the maternal-fetal circulation through the placenta during69

pregnancy, although the recovered autologous blood will also contain fetal red blood70

cells, and thus will not cause an immune response from the mother. [8]. A large71

number of clinical research guidelines including the National Institute for Health and72

Care Excellence, NICE [9], Association of Anesthetists, UK [10], and The American73

Society of Anesthesiologists [11]) all recommend that IOCS technology could be used74

in obstetric cesarean section.75

Furthermore, it has been confirmed that the application of IOCS technology can76

promptly supplement the blood loss of pregnant women, maintain their blood volume77

and blood pressure, reduce the incidence of adverse blood transfusion reactions78

caused by allogeneic blood transfusion, and increase the success rate of rescuing79

pregnant women from massive bleeding during cesarean section [12,13]. IOCS has80

been widely used in cesarean sections in many domestic hospitals. This technology is81

predominantly used for patients at high risk of postpartum hemorrhage during82

cesarean section. As is known, postpartum hemorrhage is currently the leading cause83

of maternal death worldwide, accounting for 27.1% of maternal deaths [14].84

Severe postpartum hemorrhage is a critical condition. For patients with severe85

postpartum hemorrhage, surgical hemostasis, uterine contraction drugs, and arterial86

intervention are crucial; meanwhile, blood transfusion is also a vital measure to rescue87
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the lives of pregnant women [15,16]. However, the safety of allogeneic blood88

transfusions and the shortage of blood sources are becoming increasingly prominent.89

Although the screening system of blood donors and blood bank reserve technology90

have greatly improved the safety of blood transfusion, the occurrence of infectious91

diseases and other complications caused by allogeneic blood transfusion still cannot92

be completely avoided. Therefore, autologous blood transfusion has become an93

important way to solve the problem of clinical blood source shortages. Furthermore, it94

has been reported that the use of IOCS is widely used in cesarean section [7,17,18],95

however, due to low recycling, it is not carried out to patients, resulting in a waste of96

resources. Therefore, the indications for the application of IOCS in cesarean section97

are still controversial, and the selection of the obstetric population requiring IOCS is98

an urgent problem that needs to be solved for clinicians. This retrospective cohort99

study collected clinical data for patients receiving IOCS during cesarean section in 12100

tertiary hospitals across the country, and conducted a multivariable logistic regression101

analysis to develop a bleeding risk scoring system for evaluating the safety and health102

economy of IOCS and exploring the indications of the application of IOCS in103

obstetrics.104

105

Methods106

This retrospective study was approved by the Ethics Review Committee of West107

China Second University Hospital of Sichuan University (2017-033), and informed108

consent was obtained from all the included patients. All study methods of the109
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retrospective study were conducted following the relevant regulations of a protocol110

approved by the Institutional Review Board of the West China Second University111

Hospital of Sichuan University. Of 2839 patients using IOCS technology who112

delivered in 12 tertiary hospitals between January 2012 and January 2020, 2621 cases113

were included in this study. All included patients had their pregnancies terminated by114

cesarean section, and IOCS technology was used during the cesarean section. Patients115

with serious medical and surgical diseases (liver diseases, kidney diseases, pregnancy116

complicated heart disease) and incomplete data were excluded from the study (Figure117

1).118

The Society for Maternal and Fetal Medicine recommends that the amount of119

postpartum hemorrhage ≥1500 ml is the time for blood transfusion [19], and the 2621120

cases were divided into two groups according to the intraoperative blood loss volume121

(1500 ml). A total of 1679 patients with blood loss volume <1500 ml was included in122

the control group (Group A), and 942 patients whose blood loss volume ≥1500 mL123

formed the massive bleeding group (Group B).124

Clinical and imaging indicators of the 2621 patients were collected. Clinical125

indicators: Maternal characteristics were: maternal age, pre-parturient weight, height,126

gravidity, parity, number of cesarean sections, number of abortions, preoperative127

hemoglobin (HGB), history of uterine surgery, in vitro fertilization-embryo transfer128

(IVF-ET), twins, and antepartum hemorrhage. Newborn characteristics were:129

gestational age at delivery, newborn weight, Apgar score (1 min), neonatal death;130

ultrasonic indicators: placental attachment position, placenta previa, placenta accreta,131
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blood pool in the placenta, boiling water sign in placenta, abnormal retroplacental132

myometrium, abnormal blood flow of retroplacental lacunae, cervical canal invasion,133

placenta protruding to the anterior uterine wall, continuous disruption of the posterior134

myometrium; Perioperative indicators: estimate blood loss (EBL), packed red blood135

cell (PRBC) transfusion, volume of autologous blood recovery/transfusion, fresh136

frozen plasma transfusion, platelet transfusion, cold precipitation transfusion,137

fibrinogen transfusion, cesarean hysterectomy rate, time of postoperative pyrexia,138

surgery time, delivery way, placenta management, pathological findings, postpartum139

adverse outcomes, total cost of allogeneic transfusion, and total cost of autologous140

transfusion.141

142

Statistical Analysis143

The collected data were analyzed by univariate analysis and multivariate analysis.144

Student’s t-test, Mann–Whitney U-test, and chi-square test (X2 statistics) were used145

in the univariate analysis to assess the basic clinical features of the included patients.146

If the variables were normally distributed, an independent t-test was used for analysis,147

shown as the mean ± standard deviation. The Mann-Whitney U test was used for the148

analysis of non-normally distributed data, and the data are shown as the median149

(range). For categorical variables, relative frequencies were presented as the150

number/proportion (%), which were calculated using the chi-square test. Furthermore,151

multivariable logistic regression was applied to analyze the association between the152
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candidate risk factors and bleeding loss (1500 ml) in patients who underwent IOCS153

technology.154

Continuous variables were converted to binary variables, and the mean and155

median values of the indicators in the bleeding group (Group B) or the clinically156

recognized boundary values of the indicators were used as cut-off points. Each patient157

was scored by the odds ratio (OR) value corresponding to the risk factor in the scoring158

system, and a receiver operating characteristic curve (ROC) was drawn. The area159

under the curve (AUC) with 95% confidence intervals and optimal cut-off value was160

calculated to evaluate the diagnostic efficacy of the scoring system. All statistical161

analyses were conducted using SPSS18.0 statistical software (IBM, Armonk, NY,162

USA). P values were shown for the assessment of indictors, and P<0.05, Indicated a163

statistically significant difference.164

165

Results166

1. Analysis of baseline characteristics between the two groups167

Of the 2621 pregnant women who underwent IOCS technology from 12 tertiary168

hospitals between January 2012 and January 2020, the baseline characteristics of169

Group A and Group B are summarized in Table 1. There were significant differences170

in maternal age, gravidity, parity, number of cesarean sections and abortions, history171

of uterine surgery, twins, antepartum hemorrhage, gestational age at delivery, and172

Apgar score (1 min) between the two groups (P < 0.05). No significant differences173
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were observed in terms of pre-parturient weight, height, preoperative HGB, IVF-ET,174

newborn weight, and neonatal death between groups A and B (P > 0.05) (Table 1).175

2. Analysis of ultrasound signs of two groups of patients176

The results of ultrasound signs between groups A and B are summarized in Table 2.177

The proportions of placental attachment position, placenta previa, placenta accreta,178

blood pool in the placenta, boiling water sign in the placenta, abnormal retroplacental179

myometrium, abnormal blood flow of retroplacental lacunae, cervical canal invasion,180

placenta protruding to the anterior uterine wall, and continuous disruption of the181

posterior myometrium in group B were significantly higher than those in group A, (P182

< 0.05) (Table 2).183

3. Analysis of perioperative indexes in two groups184

Table 3 shows significantly higher estimated blood loss (EBL), usage of blood185

products (PRBCs, autologous blood recovery/transfusion, fresh frozen plasma,186

platelet, fibrinogen), cesarean hysterectomy rate, time of postoperative pyrexia, and187

surgery time in group B than in group A (P < 0.05). There were statistically188

significant differences in placenta management, pathological findings, and postpartum189

adverse outcomes between the two groups (P < 0.05). Most importantly, the total cost190

of allogeneic transfusion and total cost of autologous transfusion in group B were191

significantly higher than those in group A, (P < 0.05), which indicated that strictly192

mastering the clinical application of IOCS is very important for patients (Table 3).193

4. Logistic multiple regression analysis for the risk factors of intraoperative194

hemorrhage in IOCS patients195
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We selected the statistical significance of univariate analysis indicators and associated196

risk factors for bleeding and included them in the multivariate analysis. Multivariable197

logistic regression analysis identified ten significant independent risk factors for198

intraoperative hemorrhage in IOCS patients. These were maternal age ≥35 years,199

number of cesarean sections, placental attachment position, placenta previa, placenta200

accreta, blood pool in the placenta, abnormal retroplacental myometrium, placenta201

protruding to the anterior uterine wall, cervical canal invasion, and continuous202

disruption of the myometrium. Therefore, we selected these ten potential risk factors203

for the scoring system, which was used to assess the bleeding risk. The detailed204

results of the multivariate analysis are presented in Table 4.205

According to the OR values of eight risk factors developed from the multiple206

logistic regression analysis, a risk scoring system for bleeding for IOCS patients was207

established, and the OR values were converted into corresponding points. These are208

detailed as: maternal age ≥35 years old (1 point), number of cesarean sections (1209

point), placental attachment position (1 point), placenta previa (1 point), placenta210

accreta (2 points), blood pool in the placenta (2 points), abnormal retroplacental211

myometrium (2 points), Placenta protruding from the anterior uterine wall (2 points),212

and continuous disruption of the myometrium (2 points) and cervical canal invasion213

(4 points), were the risk factors of intro-operative blood loss volume ≥1500 ml in214

IOCS patients (Table 5).215

Then, a bleeding risk scoring system was constructed according to the above216

indicators, and the total scores ranged from to 0-18 points, with an optimal threshold217
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of 5 points. The area under curve (AUC) of the receiver operating characteristic curve218

of the scoring system was 0.837, and a total score of 5 points was identified as the219

optimal cut-off value, allowing good differentiation of intraoperative massive220

bleeding in IOCS patients (AUC, 0.837; 95% confidence interval [CI], 0.820–0.854).221

The relatively high sensitivity (81.2%) and specificity (75.3%), showed good efficacy222

in differentiating the risk of bleed loss ≥1500 ml in IOCS patients (Figure 2).223

224

Discussion225

Obstetric hemorrhage is currently the leading cause of maternal death, especially in226

patients with massive hemorrhages [20,21]. Timely and reasonable blood transfusion227

is one of the most effective measures to reduce maternal mortality, and has been228

widely performed in obstetric operations [22]. The clinical use of fresh or stocked229

allogeneic blood has become the main source of blood transfusion therapy, while the230

safety of allogeneic blood transfusion and the increasing tension of blood sources231

have attracted attention from medical workers. Although improvements in the blood232

donor screening system and the storage technology of blood banks have greatly233

improved the safety of blood transfusion, the occurrence of blood transfusion-related234

allergic reactions cannot be completely avoided [23,24]. Therefore, reasonable, safe,235

and effective blood availability has become an urgent problem.236

Intraoperative cell salvage (IOCS) is a blood source protective measure that has237

gradually become popular in recent years. This is the most effective method for blood238

transfusion to reduce blood-borne diseases related to blood transfusions [25]. IOCS is239
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a technology that takes the patient's intraoperative bleeding and blood accumulated in240

the body cavity and this blood is filtered by multiple layers into the blood recovery241

tank; after separation, washing, purification, the free hemoglobin, cell debris, fat242

droplets, and other impurities are diverted into the large waste liquid bag to reduce the243

residual pollutants, and finally the concentrated red blood cell suspension is returned244

to the patient [26]. With the use of a leukocyte removing filter, the amniotic fluid245

components from the recovered blood can be almost completely eliminated [18,27].246

Although multiple studies with a large number of clinical samples have247

confirmed the safety of this technology, there are still some taboos in promoting this248

technique [2,28]. In particular, the safety and effectiveness of IOCS during cesarean249

section is still controversial [4], and previous studies have reported inconsistent250

conclusions about the application of IOCS in cesarean section on allogeneic251

transfusion and the economic benefits to obstetric patients [13,29]. Currently, IOCS252

technology has been widely used in obstetrics, and some scholars have reported that253

IOCS technology is an effective method of reducing transfusion for cases at high risk254

of obstetric hemorrhage, and which is economically reasonable, while for routine255

cesarean deliveries, IOCS is not recommended [12,30]. Therefore, it is necessary to256

discuss the application guidelines to provide evidence as to the rationale for such use257

and to increase confidence in its use as an effective application in obstetrics.258

In our study, 2621 patients were included, and all patients who received IOCS259

had no serious adverse outcomes of e.g., amniotic fluid embolism and maternal death;260

therefore, IOCS is considered relatively safe and economical. However, this study261
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showed that 407(15.5%) cases not perform the blood transfusion,because some262

patients had a small amount of intraoperative recovered blood. This could not reach263

the reinfusion standard and did not undergo reinfusion, which caused a waste of264

resources to a certain extent. Therefore, we conducted a multi-factor analysis to265

explore the clinical application guidelines of IOCS in obstetrics. Multivariate logistic266

regression analysis was performed by selecting statistically significant indicators in267

univariate analysis and high-risk factors related to bleeding to construct a bleeding268

risk scoring system for guiding the rational use of IOCS technology. This identified269

ten significant independent risk factors, namely, maternal age ≥35 years, number of270

cesarean sections, placental attachment position, placenta previa, placenta accreta,271

blood pool in the placenta, abnormal retroplacental myometrium, placenta protruding272

to the anterior uterine wall, cervical canal invasion, and continuous disruption of the273

myometrium. Therefore, the above 10 variables were included in the scoring system274

to predict the risk of intraoperative hemorrhage in patients with IOCS. The results275

showed that the area under the curve (AUC) of the receiver operating characteristic276

curve for the scoring system was 0.837, and a total score of 5 points was identified as277

the optimal cut-off value allowing good differentiation of intraoperative massive278

bleeding in IOCS patients. Consequently, IOCS technology was not shown to be279

beneficial for all obstetric patients. From our study, a total score ≥ 5 points indicating280

a high risk of intraoperative hemorrhage, was recommended to use the IOCS281

technology.282
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The strengths of our study are as follows: First, owing to the application of283

leukocyte filters, IOCS technology has been widely used in obstetric cesarean section,284

while there is no recommended application guide in the literature about the285

technology, which leads to excessive use of IOCS and a waste of resources. In our286

research, we conducted a multivariate analysis in obstetrics patients using the IOCS,287

designed a bleeding assessment scale, and achieved better and more reasonable usage288

of IOCS technology, which can to a certain extent, reduce the economic burden on289

patients. Second, this study focused on patients who used IOCS technology in290

cesarean section. Finally, the scoring system not only included clinical data, but also291

included ultrasonographic indicators, which play an important role in the evaluation292

of hemorrhagic disease (placenta previa, placenta accreta, and vasa previa) in293

pregnant women. There are however, some limitations to our study. First, this was a294

retrospective study, which increased the possibility of patient selection bias. Further,295

the designed scoring system requires validation using a large sample of prospective296

data before it can be applied to clinical practice.297

In conclusion, our study reports that IOCS technology is a safe and effective298

hemostatic measure in obstetric cesarean section. We developed a risk scoring system299

based on ultrasound and clinical indicators by evaluating the risk factors of300

intraoperative hemorrhage in patients using IOCS technology. This system has good301

sensitivity and specificity, and can better guide the application of IOCS technology in302

clinical practice. Therefore, a good understanding of the clinical application303

guidelines of IOCS and reasonable usage of IOCS technology in clinical settings can304
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save medical resources and reduce the economic burden on patients.305

306
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Figures

Figure 1

Flowchart of selection of the patients for the studyFlowchart of selection of the patients for the study



Figure 2

The ROC curve of risk scoring system of bleeding for IOCS patients.


